The invention of the computer and the development of data-communication, in particular the Internet, have unmistakably had an effect on the way in which information is exchanged and on how people communicate since the second half of the twentieth century. Simultaneously, communication science has managed to claim a position within the scientific community of the Netherlands. The object of communication science, according to van Cuilenburg, Scholten and Noomen (1991) , is the study of the commercial and/or professional supply of information, whereby information supply includes the processing, design, storing, multiplication and spreading of information. This definition excludes interpersonal information and is especially aimed at information that is supplied through professional 'senders', whose main reason for communicating is to make a profit. Developments in the area of information and communication technology, which according to Christensen (1997) can be considered a disruptive technology, have rendered both restrictions obsolete.
First, the focus on media and the convergence that takes place between information technology, telecommunication and media, increasingly turns the use of telephony, e-mail, videoconferencing etc. into viable study objects of communication science. It is increasingly more difficult to distinguish between interpersonal, point-to-point, and point-tomultipoint communication. The telephone is more than just a machine that enables communication between two persons, it can accommodate audio-meetings and, in the case of mobile telephony and wireless technology, access to the Internet (WAP, I-Mode, UMTS,3 rd generation mobile, Wireless LAN). Studies where the choice for certain forms of media plays a role, including by employees within organizations, have more and more become the domain of communication science. The same is true for studies that focus on the effect of ICT on communication and business processes (such as, for instance, social processes, knowledge sharing, etc.). Secondly, it is clear that a growing number of people who are not communication professionals are active in the supply of information. Information supply can no longer be separated from ordinary organizational and business processes. Organizations, governments and businesses connect their internal information supply to websites through which they communicate with the outside world. They wrestle with the question of how to coordinate their back office and their front office: their public face, i. e., what should they communicate and what channels should they use. Consumers also offer more and more information, and certainly not just that, through websites. In short, due to ICT-developments, the object of communication science is under discussion.
In light of this development the central question of this paper is what it is that communication science has contributed or can contribute to research in the field of information and communication technologies, and to the significance to communication, both interpersonal and in a broader sense, within the information society.
Communication science
Before we can answer this question, we briefly have to look at the development of communication science itself. Having said that, this is not an attempt to document the history of communication science. As indicated above, communication science has evolved and become institutionalized in the second half of the last century, not just in the Netherlands but in numerous other countries as well. Issues that were initially considered important had to do with the inter-or multi-disciplinary nature of communication science, the description of the object of study, the definition of the central concepts (for example the concept of communication, see Stappers 2001 ) and the development of central theories, models and par-adigms (the linear sender-message-receiver model or an orientation towards signification and interpretation by senders and receivers) and the choice of research approaches (traditional empirical analytical methods or a more open and interpretative approach).
In the same period the importance of information and communication technology had become increasingly clear. The late seventies and early eighties witnessed the emergence of the personal computer, data networks and information, communication, transaction and entertainment services. Several technologies failed to survive that period, such as twoway cable television, videodisc, videotex, cd-i, hdtv and AV-games. More successful technologies are cable television, game computers, teletext, voice response systems, cd-rom, e-mail and the Internet, which reached maturity in this period. Although it is possible to pose questions in regard to ICT from various disciplines, communication science appears to be the one discipline that can contribute in a meaningful way and help gain insights into the adoption, use and effect of information and communication technologies for consumers, companies and government.
The question as to what communication science has so far contributed in terms of relevant insights and research and how to evaluate them is by definition problematic. First of all, research has to be charted and analyzed carefully. And after that has been done, there still is the question whether this fully covers the body of knowledge regarding the subject. Secondly, the significance and effect of the research and the accumulated knowledge in regard to the adoption, use and effect of ICT will have to be determined. Finally, we must ask ourselves if we are satisfied with the results. There is, after all, no absolute criterion to measure the quantity and quality of research in general, and consequently of research in the field of communication science. Notwithstanding the fact that there are numerous methods to assess scientific quality, there are impact scores for scientific periodicals and indicators can be developed to measure scientific impact, these methods, scores and indicators often only cover a limited number of aspects. The work of self-evaluations and assessment committees also offers relatively little by way of substance, considering their changing composition, quality and possible prejudices. The only criterion for making claims about the scientific and social significance of a discipline, about quantity and quality would ultimately be one's own expectations. Depending on whether one is of a positive or negative disposition, one may conclude that the glass is either full of empty.
In spite of all this, we will provide an outline of the contribution of communication science to the 'body of knowledge' surrounding information and communication technology in the next few paragraphs. In this outline, we will touch on the following subjects:
Ϫ The technical developments surrounding ICT and their social significance. The Internet allows many individuals and organizations to act as 'publisher' or 'broadcaster'. Information supply and communication applications play an increasingly important role, within and between organizations, and between organizations and their environment, (other organizations, customers, citizens etc.) Ϫ The current situation regarding ICT-theorization, addressing the relevant theories emerging from communication science and theories from other disciplines that have contributed to our understanding of ICT. Inevitably this poses question with regard to the paradigm shift. Ϫ The research that is conducted in the area of ICT by relevant faculties in the Netherlands and the Dutch speaking part of Belgium.
On the basis of our findings a few conclusions will be drawn concerning the significance of communication science to the study of the information society, and a few suggestions will be made for the definition of a research agenda.
The domain of information and communication technology
Why is it meaningful to study the ICT-domain from a communication science perspective? Technology, and certainly information and communication technology, changes so rapidly that it hardly seems worthwhile to look at the technologies themselves, as van Cuilenburg (1999a) has justifiably claimed. The argumentation in favor of an orientation in regard to ICT is in no way the result of a preoccupation with technology. Although technological developments in the field of ICT are extremely exciting, what is important is the impact that ICT has on social, economic and political developments and with it, its significance for society, organizations, groups (communities) and individual people. In light of this impact and significance it is important to gain an insight into developments in the technical domain and in the way these technologies can be shaped, or to analyze how these technologies contribute to the way social processes are being restructured (Giddens, 1979; Scott Poole and DeSanctis, 1990; Slevin, 2000) . The question is how ICT is integrated in user routines (implementation and adoption issues), what the actual use of ICT is and what the effects and consequences are of the use of ICT for individuals, organization and society. In order to describe the domain of information and communication technology (ICT), it is important to have a definition of ICT. Information and communication technology uses databases both for (temporary) storage and for data management. These data are stored and/or accessed by the users themselves, either with or without the use of a network.
Using an interface that enables various communication modalities Ϫ sound, text and (moving) images Ϫ the data are released. The users can influence the selection of the data or they can alter the data himself. During consumption the user transforms data into information, which eventually results in knowledge. Describing the ICT-domain on the basis of this technology-oriented definition, however, neither sheds light on what the research object might be, nor what research issues might be relevant. To clarify this we will discuss a number of subjects in more detail.
ICT and technology explorations
First of all there is technology itself. It is often assumed that there is a 'technology push'. It is rightly pointed out that technology-driven changes in general have little use and encounter resistance among users. On the other hand, without technological developments we would not be able to look for new applications. We shall have to stimulate technological development for the impulse it provides. It is up to social scientists to ensure that these new technologies are implemented in a meaningful way, that the applications that are developed make sense to users and are aimed at satisfying their needs. Knowledge concerning technologies, therefore, is a prerequisite, before we are able to make claims regarding the way organizations, communities (see Van der Sluis 2001; Jankowski and van Selm, 2001 ) and individuals can use these technologies, adopt them and integrate them in their daily lives. There is more to it than merely offering physical, cognitive or affective access (Van de Wijngaert, 2001 ), but it has to do with understanding why certain technologies have added value to the user or the user community. O'Keefe (2000) adds that we should also be concerned about managing changes that are a result of the introduction, acceptance and use of ICT. Managing changes also has its limitations. After all, to a certain extent these are dynamic, self-organizing and structuring processes (see also Scott Poole and De Sanctis, 1990) .
Technology explorations are aimed at charting developments and possible technical trends. Exact predictions in regard to the success or failure of certain technologies, and which technologies will eventually prove useful to whom, how they are used and what the possible effects are, are difficult to make in the introductory stages of new technologies. In order to do this, the development of technology, the acceptance by the user, and the way technology is finally put to good use, depend on too many factors and actors. Elsewhere we have explained (Bouwman, den Hartog and Holland, 2000) how difficult it is to make statements regarding the eventual use of individual technologies or applications on the basis of the analysis of technological developments.
Nevertheless, it is vital to be knowledgeable of the main technical developments and trends. It is important to distinguish on the basis of the nature of the technology itself. In the case of fundamental, hardware and network developments the concrete applications are far removed from the user. These levels are important, however, because awareness of the developments in these areas helps gain an insight into the direction in which possible applications or end user services are developing. Ϫ At the fundamental technological level there are, for instance, the limits to Moore's Law. This law initially claimed that the performance of microchip technologies will double each year, due to the fact that the number of components assembled on a chip is doubled in that time. Later on, the proposed timeframe was changed to one and a half and then two years. Moore's Law, in spite of the fact that it is subject to alterations in regard to certain elements, does provide insight into the development of microchip computing ability. The Intel 8008 chip (1974) contained about 5,000 transistors. Twenty years on, a Pentium II chip had over 5 million transistors, the Pentium III chip, launched in 1999, has over 24 million, and it is expected that the new generation that will hit the market around 2005Ϫ2010 will contain 400 million transistors. Experts do anticipate, however, that the physical boundaries of electronic behavior will be reached around the year 2015. In addition to miniaturization, there is the possibility on the part of micro-electronic-mechanical systems to transport and access data that are stored in biological material. Another development is the (im)possibility to imitate human thinking using neural networks, artificial intelligence, expert systems and genetic algorithms, for example in the interpretation of data. Thus far data can be recognized, but not understood. A computer application, for example, is capable of matching a name and photograph (for instance of a criminal), but it has no understanding of what such a person has done wrong. As a result, all information systems, for the time being at least, are more limited than the human mind as far as intelligence is concerned. Ϫ In network technology the focus is on techniques that increase network capacity. Fiber optics networks are capable of transporting unimaginable quantities of information. The frequency of light is so high that it is hard to grasp the capacity of fiber optics. Separating light into its various color components will only increase this capacity. The capacity of other carriers within networks, such as copper, are increased with the use of new techniques such as xDSL. In addition to capacity, an important role is played by intelligence in networks, making the networks easier to manage and the services easier to implement. The application of open standards such as JAVA makes networks easier to use as well. Ϫ Fundamental technological developments in the area of miniaturization and the reduction of energy use are of great importance to hardware. These trends make peripheral equipment, such as mobile phones, laptop computers and personal digital assistants easier to carry and use, and increase their computing capacity. Technical integration is increasing all the time. The PC can be used as a TV monitor. Mobile phones provide access to the Internet and even moving images. Increasingly, chips are built into household equipment, cars and even clothing. Chips in shoes, for example, can monitor heart rate, blood pressure and walking technique. Wearable and embedded technologies based on nano-technology will further push the use of ICT. Ϫ In terms of software there are developments in the field of data compression, improving search engine results, the development of all kinds of agents and avatars, security through biometric identification (iris scans) and of course man-machine interfaces, for example through voice recognition and synthesis.
All these developments have an impact on the infrastructure and hardware used to offer services to end-users. At the level of infrastructure we see an ever-increasing diversity. Depending on the technologies, network architectures, standards (in the area of operating systems, for example, UNIX and Linux, and in the area of mobile communication TDMA, CDMA or WCDMA) and protocols (TCP-IP, JAIN, WAP, WiFi) that are used, new generation applications emerge. There are, then, an increasing number of possibilities to deliver end-user services through various technologies. The end-user services themselves hardly vary: it is all to do with information, communication, transactions or entertainment. The more fundamental technical developments contribute to the user-friendliness of these services and make it easier to integrate them into people's daily routines. Developing new services and service concepts that appeal to people is far more difficult than making peripheral equipment smaller, smarter, safer and cheaper. In that sense, technology is above all an enabler. The technological developments are the product of the technical sciences, i. e., physics, electronics, computer science, etc. As far as communication science is concerned, however, it is important to have an insight into what the consequences of these technological developments are on the way in which people can gather information and communicate with each other, but also on the way they can use new entertainment services, as well as on the insight into information processes surrounding transactions. The place of intelligence in the network, for example, determines the possibilities end-users have of controlling certain services. Another example has to do with search engines. Depending on the way end-users can set certain parameters, the results will be influenced by the end-user. Although it is not the core business of communication science, it is important to assess the effects technology has on information-provision and communication. Communication science can help improve the design of technology and applications.
Government policy
The way technology is used depends on a large number of factors. One of these factors is national and international government policy. European policy, especially in regard to research and development, and the privatization and liberalization of telecommunications, has had a tremendous impact on the development of the ICT-domain.
European research and development policy has provided an important boost to the development of ICT-technologies, in particular in regard to mobile telecommunication (GSM and third generation mobile: UMTS). Relevant government policy is not limited to research and development. There is a more holistic approach behind it that is aimed at the transformation from an industrial to an information society. Although the discussion regarding the new economy has assumed absurd proportions recently, the subjects that are being discussed are not new. Bell (1973) , Porat (1977) , Nora and Minc (1977) , and Mosco (1989) all recognized the growing importance of information to society (and with it the economic significance of information) at an early stage. All the more so since the additional costs of transporting information across networks are marginal. The information society can rightfully be called a network society. The relationship between the economic value of information and positive network externalities (Shapiro and Varian, 1999 ) is a major economic and social impulse. Metcalfe, the inventor of the Ethernet-standard, has described the concept of network externalities as follows; the value of a network to an individual 'participant' is proportional to the number of other participants. The total value of the network increases while the price one has to pay to access and use the network stays roughly the same.
One may expect governments to have a vision as to what they want with this information society. The Dutch government policy is above all reactive and facilitating, and shows little by way of initiative. It is characterized by a lack of vision and practical objectives. What image do people have of the Netherlands as an information society? The absence of an attractive perspective provides room for a pacification of departmental interests (see The Digital Delta government paper). Discussions of the kind that are being held, for instance, in South-East Asia (Malaysia and Singapore), but also in the United States, Sweden or the UK, are not taking place in the Netherlands (see also Kahin and Wilson, 1997) . These countries recognize the importance of ICT to social and economic development. Although it increasingly recognizes the importance of ICT, the Dutch government does not project a vision and/or large-scale plans in regard to ICT, whether it be the information society, broadband infrastructure, the importance of e-commerce to the digitalization of the economy, the role of the government as consumer of ICTproducts or the role of ICT in education. Policy has a predominantly practical focus and is aimed at supporting existing developments and initiatives from the market or society, for example the Gigaport project or the less successful Twinning centers concept.
Government policy with regard to the information society, coordinated by the Ministry of Economic Affairs, is thus above all a sum total of the policy of individual departments, as reflected in the choice for the five pillars mentioned in the Digital Delta white paper which represent the ministries in the lead of a specific policy domain. The Ministry of Transport was especially concerned with the liberalization and privatization of the telecommunications markets. At a more concrete level the Ministry of Transport deals with issues such as interconnectivity and interoperability between networks, originating and terminating rates for telecommunication providers, distributing frequencies, number portability etc., but also the management and supervision of domain names. Recently the department involved in telecommunications for political reasons was integrated into the Ministry of Economic Affairs. The Ministry of Economic Affairs is responsible for the coordination of policy with regard to ICT as well as R&D. The Ministry for Education is generally responsible for education and more specifically for cognitive and affective access in regard to ICT in addition to the role it plays with regard to media policy and cable. The policy of the Dutch Home Office focuses on communication between government and citizens (www.OL2000.nl), the relationship between the political and administrative branches of government and the use of ICT in policy formation. The role of government as a launching customer is relevant here as well.
The Ministry of Economic Affairs (2002) nevertheless benchmarks the Dutch policy against leading countries like Australia, Canada, Germany Finland, France, Japan, Singapore, the UK, the US and Sweden. In regard to the telecommunication infrastructure, based on 21 indicators, the Netherlands comes in third after Finland and Sweden. In regard to knowledge and innovation in the ICT domain the Netherlands is somewhere in the middle, in regard to the investment in R&D the country falls behind the other countries, while the number of scientific publications and patents is low compared to the other countries, although it has to be said that the impact of these publications is high. Although Internet use is still increasing the growth rate is slowing down, while developments in other countries move in the opposite direction. Although 74 % of the households have access to a computer, only 58 % of the population has access to Internet (in comparison, in the US this is 51 % and 60 %; in Sweden 60 % and 65 %). In regard to education, 8.5 primary school pupils have to share a computer, compared to 4.2 in the US (see also CBS, 2001; .
As far as government policy is concerned, communication science focuses on the effects of policy on information provision and communication. Here too insights provided by communication science can contribute to a better government policy and help remove unwanted negative effects, for example with regard to the availability of technical infrastructure, unwanted unequal (physical, cognitive or affective) access to media or violation of privacy.
Developments within the ICT-industry
As is the case in the ICT-sector, the telecommunications and media industries have their own dynamics. This has to do with the meso-economic issues regarding the strategies of companies that are active in the abovementioned areas. These are not just the traditional parties, such as telecommunications operators and traditional content providers, but also and especially companies that play an important role in relation to the Internet, such as backbone providers (MCI Worldcom, Level3), hardware companies (Intel, Cisco and Hewlett-Packard), software suppliers (Microsoft, Netscape, Adobe) or companies that are active in several areas (Lucent, AT&T, Alcatel). In addition, there are companies that provide access to content, examples of which are Internet Service Providers (AOL, Planet Internet), mobile operators (KPN Mobile, Vodaphone) and companies that are active in the field of content aggregation (Cnet, Broadcast.com), portals or content providers (Yahoo, Excite), online advertising (Yahoo, ESPNS) and the content providers themselves. Developments in this sector are extremely hectic. Increasingly we see that new companies play a more important role than existing companies which are active within the traditional media domain. An example of this is the takeover of Time Warner by America Online. Tidd, Bessant and Paviitt (2001) observe that incumbents in a particular industry, in this case the traditional media companies, do not perform well when that industry changes dramatically, i. e., the rise of ICT. The balance of advantage shifts towards the newcomers. Therefore company strategies, both of established and starting companies active within the ICT-domain, the clustering in certain regions and cities (Bouwman and Hulsink, 2000) , the tenability of their business model, their position in the value chain, and the information value chain itself are all subject to continuous change and are thus valid research objects.
Related developments are also worthy of being investigated if we are to gain insight into the dynamics within the ICT-sector. A few examples are the role played by the knowledge infrastructure (universities, R&D labs etc.), and by Venture Capitalists. From the knowledge infrastructure new concepts, ideas and technologies emerge, as well as the necessary management and marketing expertise. The knowledge infrastructure also provides sufficient manpower. At this point in time, Venture Capital is one of the major financial driving forces behind the entire ICT-sector (Castells, 2001) . The importance of Venture Capital (Kleiner Perkins Caufield and Byers, Sequoia, Venture One, Atlas, Gilde) is not only based on the economic significance of the investments, but on the fact that Venture Capital determines the technological portfolio. Venture Capital determines which developments are considered potentially successful and therefore worthy of investment.
A critical analysis, both of the strategies of established and starting companies and of their business models, may provide an insight into the importance (Cohan, 1999; Schmidt, 2000, 2001) and effects of certain developments (Bouwman, Preissl, Steinfield, forthcoming) . The ICT sector should be studied in a way comparable to the way in which the behavior of media companies, journalists and other gatekeepers are studied by communication science. In addition to economic issues, there are also other issues at stake here that are of prime significance from the point of view of communication science. The ICTcompanies increasingly determine what information can be accessed where, how and by whom. More and more, these companies outgrow their role of suppliers of the necessary infrastructural networks, and more and more they also act as content providers and suppliers of service aimed at facilitating communication. This goes beyond offering public access of information to large groups, and includes providing (personal) information in transactions and point-to-point and point-to-multipoint communication.
Communication between an organization and its environment
The key questions facing communication science regard to the ICT-domain can best be formulated from the point of view of an organization and its environment. Here a central position is held by the way in which information supply and communication are given shape at the point where organization and environment meet. In the case of a company this often has to do with the position of an organization within a value web (Tapscott, Ticoll and Lowry, 2000; Wigand, 2000) and the relationship with suppliers and customers within that value web. The reason why we use the term value web arises from the fact that the relationship between organizations is less and less of a linear nature, whereby added value is created within the production process of products and services. Increasingly, links in the value chain operate along parallel lines, and there may be intermediation as well as de-intermediation (Sarkar, Butler and Steinfeld, 1998). The network or value web within which an organization operates has a determining impact on the information supply and communication with that organization's environment.
Communication and information supply play a role both in formalized and less formalized processes within a value web. The more formalized processes, which usually require more information, are usually laid down in software rules and databases. In particular (applied) information science, administrative information studies, (technical) management studies and management sciences play an important role here. But in addition to these more formal processes and the relevant information flows, there is a great deal of unstructured communication. The use of both structured and unstructured sources of information, and of communication systems that may or may not be mediated by a computer and/or network, primarily belong to the research area as adopted by communication scientist (see DeSanctis and Fulk, 1999; Bouwman, van Dijk, Hooff and van de Wijngaert, 2002) . It goes without saying that there are extraordinarily complex and varied issues in this field.
Wigand, Picot and Reichwald (1997) have identified both the issues surrounding various forms of coordination which play a role within a value chain (but also within an organization), and the role played by information. The question is what the relationship is between the (design of the) value web within which an organization operates, the kind of coordination mechanism that is used, and the role played by information and communication. In addition social values in regard to work, organizations etc., are changing. Are the relationships within the value web and within the organization hierarchical in nature, or is it possible to speak of a (internal) market? What kinds of product are produced within the value web and within the organization? How 'sensitive' are these products to information and communication?
The value web and interdependencies between and within organizations are different in each sector and have to be analyzed anew every time. We will address the communication and information supply below. Here we will focus in particular on organizations and the network or value web within which they operate. As a result of ICT it is no longer certain which parties play a role within an economic cluster and with which parties one should communicate. Temporary relations between companies arise and vanish. Suppliers and customers, but also competitors, share knowledge and expertise, costs and access to each other's markets. In a certain value web a market party can play a dominant role, in which case it is possible to speak of an electronic hierarchy, while in a different value web parties are more equal, which results in a market where supply and demand meet electronically. Malone, Yates and Benjamin (1994) argue that ICT makes a closer integration within a value web possible. They believe that, although both electronic hierarchies and markets can facilitate a closer integration, a greater emphasis will be on electronic markets. In electronic markets, the coordination within a value chain is determined by supply and demand, as well as by external transactions between the various actors. The market determines the design, price, quantity and terms of delivery timetable. The consumer of a product or service can choose from many possibilities and will opt in favor of the solution that best fits the requirements of his or her (or the organization's) needs. Information supply and communication are indispensable in this process.
In electronic hierarchies the coordination between parts of the information chain is conducted by monitoring and management from higher to lower echelons. Management determines design, price, quantity and the delivery timetable. There is no selection of one supplier from a group of potential suppliers, but there is one regular supplier. Coordination costs play an important role in determining which type of electronic service is the obvious one. In a market, a party will have to pay a great deal of attention to coordination. The costs involved are high. These are costs that have to do with the processing of information aimed at managing work, people and machines involved in the primary process, selecting suppliers, negotiating contracts, making payments etc. In hierarchies these processes are to a larger extent standardized. As a result, markets are more communication-intensive than hierarchies. On the other hand, operating within a hierarchy means that the cheapest supplier will not always be selected. Information and ICT are important components of coordination costs. Coordination, after all, does imply information and communication. It makes sense that ICT will help reduce costs in this respect and as such it should be an important aspect of the study of information supply and communication between organizations and their environment, and within organizations.
Communication within an organization
What can be said in regard to information between an organization or company and its environment also holds true with regard to information within organizations. Here, too, coordination takes place through infor-mation and communication within organizational and business processes. The context is no longer the organizations' network, within which an organization operates, but the organization itself. Information is exchanged and communication takes place between the various units within the organization, but there are also formal and informal communities (Van der Sluis, 2001) within organizations.
Internal communication should be based on organizational goals. These organizational goals are usually derived from the primary process: either the continuity of the organization, or satisfied customers, employees and shareholders, etc. From these goals arise the actual communication goals, which are often task and process-related, and the more instrumental communication goals, often aimed at motivating and reinforcing cohesion within the organization.
Communication and information supply and ICT predominantly focus on issues surrounding adoption, implementation, use and effect of information and communication technology within organizations. Here, too, it makes sense to distinguish between formalized and less formalized processes. Formalized processes are concerned with primary and secondary business processes. Primary processes are aimed at producing certain products and services for customers and are part of the organization's 'core'. Secondary processes are designing to ensure that the primary process runs smoothly (see also Brown and Duguid, 2000) . These are supporting services. How can ICT play a role here?
Within the primary process one may think of: Ϫ Technical services, for example remote support for customers with maintenance, support facilities, access to maintenance reports, etc., Ϫ Availability of sales data, organized on the basis of region, kinds of product, customers, etc., Ϫ Availability of marketing data through access to the Internet.
In the secondary process examples would be: Ϫ Communication between departments, using e-mail, videoconferencing, etc., Ϫ Interactive decision-making systems, group decision support systems (GDSS) or systems that allow people to work on projects together (Computer Supported Collaborative Work, CSCW, groupware; Andriessen, 2003), Ϫ Directory services and other internal information services. Within organizations a great deal of information is stored in address files, telephone directories, policy documents, work regulations, internal publications, etc. Making this information accessible through an Intranet allows for an accurate and up-to-date information supply, Ϫ Information from and for the financial department. All kinds of forms can be made public through the Intranet, and be processed by employees and entered into administrative systems.
From an ICT-perspective an interesting question is at what point which forms of media should be deployed to expedite internal communication.
It is important to match the tasks that have to be performed and the choice of computer and network-mediated media. Bouwman and Van den Hooff (2001) address this in detail, while Bongers and Holland (2001) pay attention, for example, to issues concerning the choice of media in the case of interactive decision-making by government agencies. In addition to questions relating to the choice of media there are also issues concerning the effect on social and decision-making processes.
Communication with the customer, the end-user
Finally we arrive at the customer, the end-user or target group of the company in the value web. Although in principle they form an integral part of a company's environment, it does make sense to pay attention to an organization's customer and its target group. Companies and organizations know a great deal about the customer as a consumer of goods and services. Their role in value chains where information and communication technology is being used is as yet unclear. Research into the users' context ( Van de Wijngaert, 2001 ) and the way in which that context influences their use of ICT, is therefore extremely relevant. Additionally, there is also the question as to the significance of ICT or, for example, the Internet for the customer.
Communication between individuals
We have indicated above that, traditionally speaking, communication between individuals is not part of the domain of communication science. Because of ICT, the distinction between person-to-person (point-topoint) communication and communication which renders information public (point-to-multipoint) is subject to erosion. Especially where there is mediated communication (obviously with ICT in a central role) there seem to be opportunities for communication science. Although personto-person communication used to be the natural habitat of psychologists and sociologists, especially due to the attention for discourse analysis, communication science has gradually moved in and occupied part of this domain (Bos, 2001; Van Zoonen, 2001a , 2001b , 2001c .
Communication between systems and individuals
Finally, the way in which the user should be addressed is important.
Research into the presentation of information Ϫ images, text and sound Ϫ and its level of coherence, should be studied. This is true both for the human-machine interface and for the information-processing capabilities of the end-user. Communication science touches on cognitive psychology, industrial design and ergonomics in this area.
Adoption, use and effect of ICT
Above, we have listed a number of subjects within the ICT-domain. We have been neither complete nor systematic. Research into the significance of ICT can only be conducted if we pay attention to the way in which technological developments, government policy, developments within the ICT-cluster and the use of ICT within and between organizations and customers interact to facilitate information supply and communication processes (Bouwman, 1997) . Central research concepts are adoption, use and effect (van den Hoof, 1997), or variations such as awareness, intensity and impact (den Hertog, Holland and Bouwman, 1999) . The use of these concepts has thus far proven useful in much fundamental and applied research. Bouwman et al. (2002) give a more detailed overview of the use of these concepts in relation to ICT and organizations.
Although the terms adoption, use and effect sound simple, underlying theories and concepts are far more elaborated. Experience teaches us that these theories and concepts are pre-eminently multidisciplinary. In the area of adoption, for instance, one can think of Roger's traditional theory on diffusion of innovation (1995), critical mass theories, which originated in research into collective behavior (Olsen, 1965) , are related to economic theories concerning public goods and network externalities (Allen, 1989; Noam, 1991) , and have found their own expression in the communication science domain by the work done by Markus (1990) . Alternative concepts such as the Technology Acceptance Model, the extended Technology Acceptance Model (Davis, 1998) and Domestication concepts (Silverstone and Hirsch, 1992; Silverstone and Heddon, 1996) are used to examine the adoption of all kinds of new information technologies (Bouwman and De Jong, 1996) in private and organizational settings, from the perspective of Management of Information Systems or within more socio-cultural approaches. In addition, a role is also played by these concepts in the area of innovation theory (Tidd, Bessant and Paviitt, 2001) , industrial innovation (Frambach, 1993) and service innovation (Barras, 1986) . Shifting our focus towards the level of use we must look at the Social Presence concept (Short, Williams and Christie, 1976 ), the coordination between task and media (Daft and Lengel, 1986; Daft, Lengel and Trevino, 1987; Trevino, Daft and Lengel, 1990) , the Dual Capacity Model (Sitkin, Sutcliffe and Barrios-Choplin, 1992) , Media Appropriateness (Rice, 1993) , situational elements (Fulk, Schmitz and Steinfeld, 1990) and the context of use (van de Wijngaert, 1999; Pedersen and Ling, 2002) , which all offer comparable starting points for the analysis of media choice.
As far as the effects and consequences are concerned, we want to mention the distinction between expected strategic benefits (Hammer and Mangurian, 1987; Riggins, 1999; Tiggelaar, 1999) and the benefits, effects and consequences that are actually realized. What is striking to see is that the practical effects and consequences have as yet hardly been charted, with the exception of a few predominantly qualitative studies, such as the one conducted by Zuboff (1988) and more recently Fulk and DeSanctis (1999) and van den Hooff (2000) .
Research into ICT from the point of view of communication science in the Low Countries
What kind of research has been conducted by Dutch communication scientists into the above-mentioned domains? What is striking is that a paper written by van de Voort and Beentjes in 1991 only refers to research conducted at the University of Amsterdam into interaction in interactive media, and it also mentions that 6 % of the annual research output is concerned with new media. The magazine Massacommunicatie (Mass Communication) published in that same year contains research into the acceptance of HDTV and a meta-analysis of videotex research. Looking at more recent issues of the Tijdschrift voor Communicatiewetenschap (Magazine for Communication science), it appears that communication science by and large is unaware of the hype surrounding the Internet and everything around it. In a more recent listing of the same magazine at the end of 1999 (Communication Science in the Low Countries, Special Issue) the then state-of-the-art of communication science is outlined (Kleinnijenhuis and Saeys, 1999) . In 2000, a special issue on ICT and organizational communication was published. But the number of articles dealing with ICT or ICT-related topics is still limited. The magazine I&I, on the other hand, has been paying attention to ICT for years, both when it comes to information, media and telecommunication policy and concerning the ICT-sector itself, or the use of ICT within and between organizations. What is striking is the limited number of communication scientists contributing to the magazine. Information and information policy are also discussed in the annual conference on New Media research. Here, too, communication scientists keep a low profile. The English-language magazine Trends in Communication (TIC) focuses on scientific research into new developments in the area of communication. The magazine's formula is thematic and at least 50 % of all contributions must be from outside the Netherlands. Previous issues were on New Media Developments, Telecommunication and the changing relations within the ICT-sector in the information society, Man-machine interfaces and improving the Quality of Life, Paradigm Shifts in Communication Science, E-Commerce, Convergence, Knowledge Management and Communities of Practice, and Mobile Internet. As is the case with the other magazines, contributions from communication scientists are few and far between.
At some universities individual scientists are active, but there is no such thing as a systematic concentrated ICT research program. In the 1990s, University of Amsterdam conducted research into telecommunication networks and services, into the adoption and use of electronic information and communication services within organizations, into media and telecommunications policy and into new media in everyday life (Cuilenburg, 1999b) . The research into Computer Mediated Communication has a special place at the University of Amsterdam (for example Postmes, Spears and Lea, 2000, van den Hooff, 2000; Postmes, Tanis and de Wit, 2001 ). Slevin (2000) published an assessment of the influence of the Internet on the way we shape our culture. Recently, some researchers have broadened their scope to include the Internet. Deuze (2001) , for instance, has conducted research with regard to Internet and Journalism, Van Zoonen (2001b,c) has displayed a specific interest in Feminism and the Internet and Valkenburg (2001) takes a look at video and computer games and Internet in relation to child behavior. The University of Nijmegen pays special attention to communities, media and technology (Snippenburg and Renckstorf, 1999) . The research focuses, among other things, on the role played by ICT in local communities (Jankowski and van Selm, 2001; Jankowski, 2002) . Research is also conducted in Nijmegen in regard to Intranet (van Selm and Nelissen, 1999) and knowledge management. In Twente, there is an increasing interest in ICT from an Applied Communication Science point of view, especially with regards to web-design (van der Geest, 2000) and its evaluation (de Jong and Heuvelmans, 1999) , while at the Telematics Institute a great deal of (sometimes even sociological) research is conducted into ICT.
In the Dutch speaking part of Belgium, it is particularly the Free University of Brussels that stands out when it comes to research into ICT. Spearheading this research is the Center for Study on Media, Information and Telecommunication. This center focuses especially on policy related-issues (Burgelman, 2000; Burgelman and Servaes, 2000; Burgelman and Ducatel, 2000; Verhoest 2000a,b) Despite initiatives by a few individual researchers, there is as yet no systematic research program. This also becomes apparent through the fact that in the applications for recognition as research school to the Netherlands School for Communication Research (NESCOR), little mention is made to ICT and the Internet, although there are some references to new media. It is only when it comes to the design, use and effect of new ICT-media within organizations that more attention is paid to ICT. Of the 32 doctoral research projects mentioned in the NESCOR application, a mere three are explicitly related to communication technology.
The conclusion appears to be justified that the radical changes in information and communication technology have as yet had little impact on communication science, and that its visible contribution has been limited perhaps, to a degree with the possible exception of the Communication Science Departments in Louvain and Brussels. Steinfeld (1999: 31) argues: "Communication researchers should not repeat the mistakes of their past and ignore what superficially appears to be something more in the domain of technologists, economists, lawyers, and marketing researchers. Significant debates about access, infrastructure, and organizational strategy are taking place, with or without communication research input. To date with significant exceptions of course, the communication field has been largely absent from these debates". Recently Lievrouw and Livingstone (2002) edited a Handbook of New Media, in which a number of interesting contributions were included which at least provide a start towards building a knowledge base for research into ICT and Internet-related topics.
One can argue that ICT has by now become an integrated part of research, one of several forms of media and channels in a wider range. It would, therefore, no longer appear to be necessary to pay attention to ICT explicitly. Perhaps to some extent this is the case. On the other hand, we want to stress the possibility that we find ourselves at the beginning of the information age and that the expertise within communication science in regard to the introduction, use and effects of ICT has as yet not made an impact outside its own domain. As far as the introduction of new technologies and services are concerned, for instance, the same mistakes are being made over and over again. Arguing that communication science is paying attention to ICT does not mean that there is sufficient scientific and social impact.
The existing theories, models and concepts that are being used in communication science are extremely useful when it comes to studying all kinds of problems surrounding the introduction, use and effect of ICT (Stappers, 2001 ; and for an example of Uses and Gratifications in ICTresearch, Van de Wijngaert, 1999; . Williams, Rice and Rogers (1988) already pointed out the usefulness of theories, models and concepts to the research into new media. Nobody is yet calling for new theories, but it is high time for communication science to focus more on ICT-research. It has to be taken into account that research into ICT poses other demands than the ones we have been accustomed to so far. Rice (1999) points out that research into ICT demands an open mind and will be more useful when several research paradigms are used simultaneously. As an example he mentions is research into the implementation of information systems in an organization where, in his view, varying and sometimes overlapping paradigms can emphasize different aspects of the phenomenon under investigation. He also argues in favor of the use of several methods and several additional data sources, whereby qualitative and quantitative methods and the accompanying paradigms play a supplementary role.
A research agenda
So what kind of research would be worth stimulating? Voices coming from the ICT industry tell us it would be beneficial to innovations in the area of information and communication technology if socio-scientific research were conducted into the concept of ICT. Technology, after all, only finds its meaning when people can use it in a meaningful manner. Within the technical sciences there is the conviction that the design of products and services benefits from socio-scientific knowledge. The em- Communica-Acceptance and dif-Information supply, Changing information organiza-fusion research, inte-CRM, Trust, relation tion and communition-customer grating in customer or synergy between cation patterns, processes (multi physical and virtual increasing depenchanneling) information and comdency on visual communication, role multi-munication media information phasis that is being placed on socio-technical designs is justified (Cuilenburg, 1999a, b; O'Keefe, 2000) .
Using the division indicated earlier in this article between policy, ICTsector, communication within and between organizations, and communication between organizations and customers, and finally between individuals and between systems and individuals, we want to see what areas can be distinguished (see Table 1 ). Elsewhere (Bouwman, 1997) we have argued that mutually coherent knowledge of these levels is required to be able to contribute to the successful development of services and applications. In addition, the concepts of acceptance, use and effect play an important role. Furthermore, we have to recognize that the contribution of communication science is not an isolated one. Other disciplines are important as well, as we have indicated above. Communication science, however, is in a position to provide additional insights. Table 1 presents an outline of ICT-related research areas where communication science can offer a meaningful contribution on the basis of existing theories and insights and an existing research tradition. We do not claim to be complete in our approach. We do, however, claim to have presented an outline of the possible research domains. Already we can come to the conclusion that research into ICT from the point of view of communication science deserves its own place within the communication science domain.
